Background: This is the first trial to directly compare efficacy and safety of alectinib versus standard chemotherapy in advanced/metastatic anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) patients who have progressed on, or were intolerant to, crizotinib.
Introduction
Crizotinib is approved for treatment-naïve and pretreated anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC). However, most ALK-positive NSCLC patients who receive first-line crizotinib progress within 1 year, often in the central nervous system (CNS) [1, 2] . Although ceritinib is approved for patients with ALK-positive NSCLC whose disease has progressed on crizotinib [3, 4] , treatment is associated with significant side effects [5, 6] . Thus, a high unmet medical need exists for these patients.
Based on clinical trial data [7] [8] [9] , alectinib is approved for patients with advanced/metastatic ALK-positive NSCLC who have progressed on/are intolerant to crizotinib [10, 11] , and treatment-naïve ALK-positive NSCLC [12, 13] . In the crizotinibfailure setting, alectinib achieved median progression-free survival (PFS) of 8.9 months [95% confidence interval (CI): 5.6-12.8] in study NP28673 (NCT01801111; phase II, singlearm) and 8.1 months (95% CI: 6.2-12.6) in study NP28761 (NCT01871805 phase II, single-arm) [8] . Alectinib was well tolerated in both studies. Pooled data from these trials demonstrated alectinib activity in the CNS [14] .
ALUR (MO29750; NCT02604342; phase III, randomized) examined alectinib efficacy and safety versus chemotherapy in advanced/metastatic ALK-positive NSCLC pretreated with platinum-based doublet chemotherapy (PDC) and crizotinib.
Patients and methods

Patients
Patients had histologically/cytologically confirmed advanced, recurrent, or metastatic ALK-positive NSCLC; two prior lines of systemic therapy (including one line of PDC and one of crizotinib); measurable disease (Response Evaluation Criteria in Solid Tumors [RECIST] v1.1); Eastern Cooperative Oncology Group performance status (ECOG PS) 0-2. Patients with CNS metastases were allowed if asymptomatic, or symptomatic and ineligible for radiotherapy. Full eligibility criteria are in the supplementary material, available at Annals of Oncology online.
Study design
ALUR was a randomized, open-label, phase III trial. Patients were randomized 2 : 1 to receive alectinib 600 mg twice daily, or chemotherapy (pemetrexed 500 mg/m 2 or docetaxel 75 mg/m 2 , every 3 weeks, at the investigators' discretion) until disease progression, death, or withdrawal. Randomization was carried out using the following stratification factors: ECOG PS (0/1 versus 2); baseline CNS metastases (yes/no); and, for patients with baseline CNS metastases, brain radiotherapy history (yes/ no). Crossover from chemotherapy to alectinib was permitted following progression. At the investigators' discretion, alectinib could be continued beyond radiologic progression until loss of clinical benefit. The primary analysis cutoff was 26 January 2017, when the sponsor became aware of 50 PFS events. Additional information regarding the study design is in the supplementary material, available at Annals of Oncology online.
Primary end point was investigator-assessed PFS with alectinib versus chemotherapy in the intent-to-treat (ITT) population. A key secondary end point was CNS objective response rate (ORR) in patients with measurable baseline CNS disease. Other secondary end points included: Independent Review Committee (IRC)-assessed PFS; ORR, disease control rate (DCR), and duration of response (DOR; investigator-and IRCassessed); time to CNS progression by baseline CNS disease; CNS DCR and CNS DOR in patients with baseline CNS metastases; overall survival (OS); safety. CNS end points were IRC-assessed. The supplementary material, available at Annals of Oncology online provides end point definitions.
ALUR was undertaken in accordance with the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice Guidelines. The protocol was approved by institutional review boards/ ethics committees at each participating site. Written informed consent was obtained from all patients.
Study assessments
Disease was assessed at screening and every 6 weeks until progression. Response (RECIST v1.1) was assessed by investigators using physical examinations, computed tomography scans, and magnetic resonance imaging. Adverse events (AEs) were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0, and classified according to the Medical Dictionary for Regulatory Activities. The dose reduction schedule is provided (supplementary material, available at Annals of Oncology online).
Statistical analyses
The ITT population comprised all patients randomized. The safety population comprised all patients who received 1 dose of assigned study medication. ITT patients with measurable and/or nonmeasurable baseline CNS disease comprised the CNS ITT (C-ITT) population; C-ITT patients were further classified into those with measurable (mC-ITT) or nonmeasurable baseline CNS disease (supplementary Table S1 , available at Annals of Oncology online).
The study design was based on a sample size of 120 patients for 80% power of the log-rank test (two-sided a at 0.05) to detect a significant improvement in median PFS (primary end point) from 3 to 6 months with alectinib [hazard ratio (HR) 0.5; 74 events]. As data from alectinib phase II trials indicated a consistent PFS of >8 months [7, 8] , the protocol was amended to detect a significant improvement in median PFS from 3 to 7 months (HR 0.43; 50 events) and the sample size was reduced to 90 patients for 80% power (two-sided a at 0.05) (protocol V5). The analysis populations (ITT2, C-ITT2, and mC-ITT2) for protocol V5 are detailed in the supplementary material, available at Annals of Oncology online.
Primary analysis of investigator-assessed PFS (ITT) was carried out using a stratified Cox model including treatment arm variable and stratification factors. Estimates for PFS were obtained using a Kaplan-Meier approach, the P-value of log-rank test was calculated with estimated HRs (stratified Cox model) and corresponding 95% CIs (Brookmeyer and Crowley method). Hypothesis testing for the primary end point was carried out (two-sided a at 0.05). If superiority for the primary end point was concluded, subsequent hierarchical testing for the key secondary end point, CNS ORR in patients with measurable baseline CNS metastases, was carried out (70% power at one-sided 5% a). Additional details regarding methods are described in the supplementary material, available at Annals of Oncology online.
Results
Patients
ALUR was conducted at 40 centers in Europe and Asia. At the data cutoff, 52 events were reached; 107 patients were randomized 2 : 1 to receive alectinib (n ¼ 72) or chemotherapy (n ¼ 35) (ITT; Figure 1 ). The safety population comprised alectinib, n ¼ 70 (97.2%); chemotherapy, n ¼ 34 (97.1%; docetaxel n ¼ 25, pemetrexed n ¼ 9).
In the ITT population, 76 patients (71.0%) had baseline CNS disease (alectinib, n ¼ 50; chemotherapy, n ¼ 26; C-ITT population) and 31 patients (29.0%) did not (alectinib, n ¼ 22; chemotherapy, n ¼ 9). In the C-ITT population, 40 patients (52.6%) had measurable baseline CNS disease (mC-ITT population) and 36 patients (47.4%) had nonmeasurable baseline CNS disease.
At baseline, minor stratification imbalances were observed ( 
Efficacy
Progression-free survival. ALUR met its primary end point, showing superior PFS for alectinib versus chemotherapy. Median investigator-assessed PFS was 9.6 months (95% CI: 6.9-12.2; alectinib) and 1.4 months (95% CI: 1.3-1.6; chemotherapy) [HR 0.15 (95% CI: 0.08-0.29); P < 0.001] (Figure 2A) . A multivariable Cox model adjusted for baseline stratification imbalances confirmed a significant improvement in PFS for alectinib [HR 0.16 (95% CI: 0.09-0.30); P < 0.01]. IRC-assessed PFS was also significantly longer with alectinib [HR 0.32 (95% CI: 0.17-0.59); median PFS was 7.1 months (95% CI: 6.3-10.8, alectinib) and 1.6 months (95% CI: 1.3-4.1, chemotherapy); Figure 2B ]. Improvements in investigator-assessed PFS were seen across subgroups for age, sex, baseline CNS metastases, prior radiotherapy, ECOG PS 0/1, and White race ( Figure 2C ). ECOG PS 2 and Asian race had wide CIs due to small sample sizes (<10 patients; Figure 2C ). PFS data by baseline CNS disease are in the supplementary material, available at Annals of Oncology online.
Response rate. IRC-assessed CNS ORR was significantly higher with alectinib versus chemotherapy in patients with baseline CNS disease ( Table 2 ). In the mC-ITT population, CNS ORR was significantly higher with alectinib [13/24 patients (54.2%)] than chemotherapy (0/16 patients; P < 0.001). CNS DCR was higher with alectinib than chemotherapy in the mC-ITT population (Table 2 ). Median CNS DOR was longer with alectinib than chemotherapy in the mC-ITT population [not reached (NR, 95% CI: 3.6-NR) versus 0 months]. Post hoc efficacy analyses carried out on a subset of all randomized patients at the cutoff date (90 patients; ITT2 population) confirmed data from the ITT population (supplementary Table S3 , available at Annals of Oncology online). The treatment effect with alectinib was consistent across all relevant subgroups (supplementary Figure S1 , available at Annals of Oncology online).
Investigator-assessed ORR (ITT) was 37.5% (27/72 patients; alectinib) versus 2.9% (1/35 patients; chemotherapy; supplementary Table S4 , available at Annals of Oncology online). DCR and median DOR (both ITT, investigator-assessed) are presented in Percentage is based on number of subjects with CNS metastases at baseline. Percentage is based on number of subjects with treated CNS metastases at baseline-a subject may be counted in more than one therapy (when multiple therapies are checked). the supplementary Table S4 , available at Annals of Oncology online.
CNS progression. Time to CNS progression (ITT, IRC-assessed)
was significantly longer with alectinib versus chemotherapy (cause-specific HR 0.14; 95% CI: 0.06-0.36; supplementary Table  S5 , available at Annals of Oncology online). Similar results were observed for the C-ITT population (supplementary Table S5 , available at Annals of Oncology online). The cumulative incidence rate (CIR) of CNS progression, with adjustment for the competing risks of non-CNS progression and death, was consistently lower over time with alectinib than chemotherapy ( Figure 3 ). The 6-month CIR of CNS disease progression was lower with alectinib versus chemotherapy in all populations examined (supplementary Table S6 , available at Annals of Oncology online).
Overall survival. Twenty-four patients (70.6%) crossed over from chemotherapy to alectinib following progression. At cutoff, OS data were immature (events: 22% alectinib, 20% chemotherapy). Incidences of all-grade and serious AEs were similar between arms (Table 3) . One fatal AE deemed unrelated to study treatment was reported with chemotherapy (bacterial pneumonia); no fatal AEs were reported with alectinib. AEs occurring with a frequency difference of 5% between alectinib and chemotherapy, respectively (Table 3) , were constipation, dyspnea, and increased blood bilirubin. AEs more common with chemotherapy than alectinib were fatigue, nausea, alopecia, neutropenia, diarrhea, pruritus, stomatitis, and bacterial pneumonia (Table 3) . AEs occurring in 10% of patients in either arm are in supplementary Table S7, available at Annals of Oncology online. Grade 3 AEs were more common with chemotherapy (41.2%) than alectinib (27.1%) (supplementary Table S8 , available at Annals of Oncology online).
Incidence of AEs leading to study-drug discontinuation was numerically lower, despite longer treatment duration, with alectinib (alectinib 5.7%; chemotherapy 8.8%; supplementary Table  S9 , available at Annals of Oncology online). Dose reductions and interruptions are in supplementary Tables S10 and S11, available at Annals of Oncology online, respectively.
Discussion
Alectinib is highly active in ALK-positive NSCLC patients experiencing progression on crizotinib [7, 8] . In two phase III trials, superiority of alectinib over crizotinib was reported in patients with treatment-naïve ALK-positive NSCLC [9, 15] . ALUR aimed to demonstrate superiority of alectinib over chemotherapy in patients pretreated with PDC and crizotinib.
The primary end point was met; median PFS (investigatorassessed) was 9.6 months (alectinib) versus 1.4 months [chemotherapy; HR 0.15 (95% CI: 0.08-0.29); P < 0.001]. IRC-assessed PFS was 7.1 months (alectinib) versus 1.6 months [chemotherapy; HR 0.32 (95% CI: 0.17-0.59)], consistent with the median IRC-assessed PFS achieved with chemotherapy in ASCEND-5 (1.6 months) and with alectinib in phase II trials (8.1-8.9 months) [7, 8] . IRC-assessed PFS for alectinib was shorter than investigator-assessed PFS, with a difference in the magnitude of the treatment effect (HR 0.32 versus 0.15, respectively). This could be due to the open-label design of ALUR; investigators were not blinded to treatment and may have been subject to unintentional bias, whereas the blinded IRC process actively minimizes variation in interpretation. However, the secondary end point of IRC-assessed PFS was clinically meaningful, confirming the treatment benefit observed with alectinib versus chemotherapy. Safety and tolerability of alectinib compared favorably with chemotherapy, despite the substantially longer treatment duration with alectinib (20 weeks versus 6 weeks with chemotherapy), and was consistent with previous trials. Grade 3 AEs were more common with chemotherapy (41.2%) than alectinib (27.1%). AEs leading to study-drug discontinuation were lower with alectinib (5.7%) than chemotherapy (8.8%). At this cutoff, OS data were immature, and two-thirds of patients had crossed over from chemotherapy to alectinib following progression. ALUR was not powered for OS.
ORR with alectinib was lower in ALUR (37.5%) than the phase II trials (50%-52%). Possibly because in ALUR, 10/72 alectinib patients were not evaluable for response, as two consecutive response assessments had not yet been achieved. There were also differences between the trial designs. Prior treatment differed between ALUR (all patients pretreated with crizotinib and PDC) and the phase II trials (crizotinib-failure setting) [7, 8] . When comparing the 96 patients in NP28673 who had been pretreated with chemotherapy and crizotinib (study population similar to ALUR) with the ALUR ITT2 population, the ORRs are similar (44.8% and 43.3%, respectively).
Baseline CNS metastases are present in approximately onethird of ALK-positive NSCLC patients [16, 17] , and are associated with reduced life expectancy and quality of life [18] . Many advanced ALK-positive NSCLC patients experience progression within 1 year of first-line crizotinib [19, 20] , frequently within the CNS [1, 2] . In ALUR, CNS efficacy was improved with alectinib versus chemotherapy regardless of baseline CNS disease and prior CNS radiotherapy. IRC-assessed CNS ORR in patients with measurable baseline CNS disease was 54.2% (alectinib) versus 0% (chemotherapy), indicating that alectinib actively controls CNS metastases in patients with baseline CNS involvement.
These results indicate that alectinib may delay or prevent development of CNS disease in patients without baseline CNS metastases, and are consistent with pooled CNS efficacy data from the two phase II alectinib trials [14] . ALUR limitations include the small sample size for the chemotherapy arm and imbalance between docetaxel and pemetrexed (chemotherapy arm). There was a large difference between the arms in treatment duration, which should be considered in the safety comparison. Recruitment was ongoing at the primary analysis, resulting in a short follow-up time for the last patients randomized.
ALUR data should be considered in light of the changing treatment landscape for ALK-positive NSCLC. Although ASCEND-5 established ceritinib as a superior treatment option versus chemotherapy in ALK-positive NSCLC pretreated with crizotinib and chemotherapy [21] , median PFS with alectinib in ALUR has exceeded that observed with ceritinib (IRC; alectinib 7.1 months, ceritinib 5.4 months) whereas median PFS for chemotherapy was 1.6 months on both studies. The phase III Japanese J-ALEX and global ALEX studies in crizotinib-naïve ALK-positive NSCLC showed superior efficacy with alectinib and a safety profile that compared favorably with crizotinib [15, 16] . The treatment landscape has been redefined following the ALEX data, with the NCCN guidelines now including alectinib as a category 1 recommendation (preferred treatment) [22] . In future, the number of patients treated with chemotherapy and crizotinib before being offered alectinib may decline, dependent on the given reimbursement situation and practice patterns.
Our data support the efficacy and tolerability of alectinib, and demonstrate that alectinib shows clinically relevant superiority to chemotherapy for extra-and intracranial disease in patients who have been pretreated with crizotinib and PDC. Thus, alectinib can be considered as the standard treatment in this setting. 
